Five new triterpene glycosides, psolusosides C 3 (1), D 2 (2), D 3 (3), D 4 (4), and D 5 (5), have been isolated from the sea cucumber Psolus fabricii. The structures of these glycosides were elucidated by 2-dimensional nuclear magnetic resonance spectroscopy and high-resolution mass spectrometry. All the compounds contain hexasaccharide carbohydrate chains, differing from each other in the third monosaccharide residue: xylose was found in psolusosides of group C and glucose in group D. Aglycones of the isolated compounds belong to the holostane type, contain 9(11)-double bond and 16-keto-group and have different side chains. The hemolytic activity against mouse erythrocytes and cytotoxic activity against mouse Ehrlich carcinoma cells (ascite form) and neuroblastoma Neuro 2A cells of 1 to 5 as well as the psolusosides isolated by us earlier, C 1 , C 2 , and D 1 , 26-nor-25-oxo-holotoxin A 1 , and holotoxin A 1 , have been studied. Psolusosides C 2 , D 1 , and D 2 (2) having the aglycones without hydroxy group in the side chain showed the strongest hemolytic action in this series. Psolusoside D 3 (3) containing a peroxide group in the side chain of its aglycone was surprisingly highly cytotoxic in all the tests.
The investigation of a complicated glycosidic sum of the sea cucumber Psolus fabricii (Psolidae, Dendrochirotida) was started so long ago as in 1982, but many glycosides at the time could not be isolated as pure compounds. Recently we have decided to make a new attempt using modern technical base. This attempt has resulted in the isolation of 3 new hexaosides, psolusosides C 1 , C 2 , and D 1 as well as 5 known compounds. 1 Herein, we report the isolation and structural elucidation of 5 additional hexaosides, named as psolusosides C 3 (1), D 2 (2), D 3 (3), D 4 (4) and D 5 (5) (Figure 1 ).
The initial stages of isolation of the fractions, containing the psolusosides of the groups C and D, were reported earlier. 1 Subsequently these fractions were subjected to reversed-phase high-performance liquid chromatography (HPLC) to give individual psolusosides C 3 (1) (2.5 mg), D 2 (2) (7.5 mg), D 3 (3) (3.7 mg), D 4 (4) (6.3 mg), and D 5 (5) (11 mg) . Their structures were elucidated by extensive analysis of their 1 H, 13 C nuclear magnetic resonance (NMR), one-dimensional total correlated spectroscopy, and two-dimensional nuclear magnetic resonance (2D NMR) ( 1 H -1 H correlation spectroscopy [COSY] , heteronuclear multiple bond correlation [HMBC] , heteronuclear single quantum coherence [HSQC] , rotating-frame Overhauser spectroscopy [ROESY]) spectra, and confirmed by high-resolution electrospray ionization mass spectroscopy (HR ESI MS). C NMR spectra of carbohydrate part of psolusoside C 3 (1) were coincident with those of psolusosides C 1 and C 2 , previously isolated from the same sea cucumber. 1 The identical sugar chain was also found in holotoxin A 1 from Aposichopus japonicus 2 and cladolosides belonging to group C from Cladolabes schmeltzii. 3 The 6 characteristic doublets at δ H 4.74-5.27 (J = 7.6-8.1 Hz) in the 1 H NMR spectrum of 1, correlated by the HSQC spectrum with the signals of anomeric carbons at δ C 102.7-105.5, confirmed the presence of 6 monosaccharide residues and β-configuration of glycosidic bonds. The positions of interglycosidic linkages were elucidated by the ROESY and HMBC correlations ( Table 1 ). The assigning of absolute configurations of sugars composing the carbohydrate chains of psolusosides of the groups C and D was described earlier and shown to be D. 1 Analysis of the 1 H and 13 C NMR spectra (Table 2 ) of the aglycone moiety of psolusoside C 3 (1) indicated the presence of an 18(20)-lactone, 9(11)-double bond, and 16-keto-group in the polycyclic system (Table 2) . So, the holostane nucleus of the aglycone of 1 was identical to those of the other glycosides recently found in P. fabricii. The signals of olefinic protons at δ H 6.16 (dt, J = 7.3; 15.5 Hz, H-23) and 5.96 (d, J = 15.5 Hz, H-24) along with the corresponding signals of carbons at δ C 120.2 (C-23) and 144.6 (C-24) indicated the 23E-double bond in the side chain of 1. The coincidence of the signals of CH 3 -26 and CH 3 -27 to each other (δ C 30.3, δ H 1.50 (s)) in the 13 C and 1 H NMR spectra, correspondingly, and the presence of the signal of quaternary carbon at δ C 69.6 showed the attachment of hydroxy group to C-25. The HMBC correlations corroborated the side chain structure of psolusoside C 3 (1) .
The same side chain frequently occurred in the glycosides of sea cucumbers belonging to different taxa. 4 However, its combination with 16-ketoholost-9(11)-ene polycyclic system has never been found earlier. Thus, the aglycone of psolusoside C 3 (1) is a new one. The molecular formula of psolusoside C 3 (1) + at m/z 1431.6 (see the Experimental) confirmed the structure of carbohydrate chain of psolusoside C 3 (1) .
All these data indicated that psolusoside C 3 (1) is
The 1 H and 13 C NMR spectra of carbohydrate moieties of psolusosides D 2 to D 5 (2) (3) (4) (5) were coincident to each other and to those of psolusoside D 1 isolated earlier from P. fabricii. 1 The presence of 6 doublets of anomeric protons at δ H 4.74 to 5.25 (J = 7.3-8.1 Hz) in the 1 H NMR spectra of 2 to 5 and 6 signals of anomeric carbons at δ C 102.7 to 105.5 in the 13 C NMR spectra indicated the hexasaccharide carbohydrate chain and β-configurations of glycosidic bonds (Table 3 ). The comparison of the 13 C NMR spectra of psolusosides belonging to the groups C and D showed their difference.
The presence of the signals assigned to methine (δ C 77.8) and hydroxymethyl groups (δ C 62.1) characteristic of C-5 and C-6 of glucose residue positioned this glucose as the third sugar unit in psolusosides D 2 to D 5 (2-5) instead of хylose unit in the same position of carbohydrate chain of 1, which showed the signal of methylene group (δ C 66.4) assigned to C-5 of the xylose. Positions of interglycosidic bonds were elucidated based on the ROESY and HMBC spectra of 2 to 5 ( Table 3 ). The carbohydrate chain of 
The signals in the 1 H and 13 C NMR spectra of the aglycone part of psolusoside D 3 (3) were very close to the corresponding signals in the spectra of the compound 1 ( Table 5 ). The coupling constants of olefinic protons H-23 (δ H 6.07 dt, J = 6.7; 16.0 Hz) and H-24 (δ H 6.03 t, J = 15.9 Hz) indicated the same trans-configuration of 23(24)-double bond in 3. The differences were in the signals assigning to the signal of olefinic C-23, which was deshielded to δ C 123.9, and the signal of C-24, which was shielded to δ C 140.4, comparing to the corresponding signals in the 13 C NMR spectrum of 1. Similarly, the signal of quaternary bearing oxygen carbon C-25 was deshielded to δ C 80.8 in the spectrum of 3 in comparison with the corresponding signal at δ C 69.6 in the spectrum of 1. These shifting effects in the spectrum of 3 would be explained by the change of functional group at C-25.
The (−) HR ESI MS of 3 demonstrated [M -H]
− ion peak at m/z 1453.6442 (calculated 1453.6493 for C 67 H 105 O 34 ) that allowed to determine the molecular formula as C 67 H 106 O 34 . The formula unambiguously indicated the presence of hydroperoxy group in psolusoside D 3 (3) that was in good accordance with the 13 C NMR spectrum data.
The finding of hydroperoxy groups in the triterpene glycosides from sea cucumbers is very unusual. But recently the glycoside with the same side chain as psolusoside D 3 (3) having 23E-ene-25-hydroperoxy fragment has been found in Vietnamese sea cucumber Holothuria edulis 6 indicating these compounds are native. The aglycones of psolusosides C 3 (1) and D 5 (5) (side chain with 25-hydroxy-group and 23E-double bond) could be considered as biosynthetic precursors of psolusoside D 3 (3) aglycone.
The fragmentary ions in the (−) ESI MS/MS of ion [M − H]
− at m/z 1453.6 (see Experimental) confirmed the sequence of monosaccharide units in the sugar chain of 3. The ion peak with m/z 1377.6 corresponded to the loss of hydroperoxy-isopropyl group from the side chain of 3.
Thus, psolusoside
The signals in the 1 H and 13 C NMR spectra of the aglycone part of psolusoside D 4 (4) coincided with those in the spectra of psolusoside C 1 , isolated earlier from P. fabricii 1 indicating the identity of these parts of the glycosides (Table 6 ). So, the aglycone of 4 contains 16-keto-9(11)-ene holostane core and the side chain with 24-hydroxy-25-ene fragment.
The molecular formula of psolusoside D 4 (4) was determined to be C 67 
The aglycone of psolusoside D 5 (5) was identical to that of psolusoside C 3 (1) due to the coincidence of the corresponding signals in their 1 H and 13 C NMR spectra ( (24-keto-group and 25(26)-double bond), C 3 (1) and D 5 (5) (25-hydroxy-group and 23E-double bond) is frequently simultaneously got together in the glycosides from different species of sea cucumbers. The same set of the side chains has been found in aglycones of glycosides from Achlionice violaescupidata (Elpidiidae, Elasipodida), 7 Eupentacta fraudatrix (Sclerodactylidae, Dendrochirotida), 8 and Colochirus robustus (Cucumariidae, Dendrochirotida). 9 These data demonstrate the common biosynthetic patterns realized in the sea cucumbers belonging to different families and orders.
The cytotoxic activities of compounds 1 to 5 as well as the isolated earlier psolusosides C 1 , C 2 , D 1 , and 26-nor-25-oxo-holotoxin A 1 1 (with holotoxin A 1 as a positive control) against mouse erythrocytes (hemolytic activity), the ascite form of mouse Ehrlich carcinoma cells and neuroblastoma Neuro 2A cells, are presented in Table 7 . The investigated substances have hexasaccharide carbohydrate chains in combination with the holostane-type aglycones. These structural characteristics should provide high membranolytic activity. 3, 5 Actually, 5 of the compounds were (1) were the least active compounds in this series. However, they still demonstrated moderate hemolytic and cytotoxic action. This could be explained by the presence of hydroxy group in the side chains of its aglycones, 8 whereas the activity of the glycosides containing tetrasaccharide carbohydrate chains and holostane-type aglycones was absolutely depleted by the presence of hydroxy group in their side chains. [8] [9] [10] Therefore, sugar chain compensates the activity-decreasing influence of hydroxy group in the side chain. Psolusosides C 2 , D 1 , 1 and D 2 (2) having the aglycones without hydroxy group in their side chain showed the highest hemolytic action in the series of the glycosides, but their cytotoxicity against cancer cells was slightly lower corroborating the different sensitivity of various cells to the action of triterpene glycosides. 5, 9 Psolusoside D 3 (3) containing a peroxide group in the side chain of the aglycone was surprisingly highly cytotoxic in all the tests. The aglycones of psolusosides C 1 and C 3 (1) were identical to those of psolusosides D 4 (4) and D 5 (5), correspondingly. The compounds 4 and 5 differ from the previous glycosides in the third monosaccharide unit in the carbohydrate chain (glucose instead of a xylose). However, psolusosides of the group D (4, 5) were more active than their structural analogs belonging to the group C. 
Experimental

General Experimental Procedures
Animal Material
Specimens of the sea cucumber Psolus fabricii (family Psolidae; order Dendrochirotida) were collected in the Sea of Okhotsk near Onekotan Island (Kurile Islands). Sampling was performed with a scallop dredge in August-September, 1982, at a depth of 100 m during expeditional works on fishing seiners "Mekhanik Zhukov" and "Dalarik." Sea cucumbers were identified by Prof V.S. Levin; voucher specimens are preserved in A.V. Zhirmunsky National Scientific Center of Marine Biology, Vladivostok, Russia.
Extraction and Isolation
The sea cucumbers were extracted twice with refluxing 60% EtOH. The extract was evaporated to water residuum and lyophilized followed by the extraction with CHCl 3 /MeOH (1:1). The obtained extract was evaporated and submitted to the subsequent extraction by EtOAc/H 2 O to remove the lipid fraction. The water layer remaining after this extraction was chromatographed on a Polychrom-1 column (powdered Teflon, Biolar, Latvia). The glycosides were eluted with 50% EtOH, evaporated, and subsequently chromatographed on Si gel column with CHCl 3 /EtOH mixtures in ratios 10:1 and 5:1 as mobile phase, followed by the gradient CHCl 3 /EtOH/ H 2 O (100:50:4), (100:75:10), (100:100:17), (100:150:50) as mobile phase to give several subfractions containing different groups of glycosides. The subfractions were kept at the temperature -18°C. The fractions 1 (205 mg) and 2 (305 mg) were obtained after additional rechromatography on Si gel columns of the most nonpolar subfractions with CHCl 3 / EtOH/H 2 O (100:50:4) and (100:75:10), correspondingly, as 
Psolusoside D 4 (4). Colorless powder.
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Cell Culture
The museum tetraploid strain of murine ascite Ehrlich carcinoma cells from the All-Russian oncology center (Moscow, Russia) was used. The cells were separated from the ascites, which were collected on day 7 after inoculation in mouse CD-1 line. The cells were washed of the ascites triply and resuspended in RPMI-1640 medium containing 8 µg/mL gentamicin (BioloT, Russia). Neuro 2A cells were cultured in Dulbecco's modified Eagle medium containing 10% fetal bovine serum (BioloT, Russia) and 1% penicillin/streptomycine (Invitrogen). Cells were incubated at 37°C in humidified atmosphere containing 5% (v/v) CO 2 .
Cytotoxic Activity
Cytotoxic activities were investigated by Nonspecific Esterase Activity Assay. Ten microliters of the test substance solution and 100 µL of the cell suspension were placed into each well of a 96-well microplate. The plate was incubated in a CO 2 incubator at 37°C for 1 or 24 hours. A stock solution of the probe fluorescein diacetate (FDA; Sigma) in dimethyl sulfoxide (1 mg/mL) was prepared. After incubation of the cells with test compounds, 10 µL of FDA solution (50 µg/mL) was added to each well and the plate was incubated at 37°C for 15 minutes. Cells were washed with phosphate-buffered saline (PBS), and fluorescence was measured with a Fluoroskan Ascent plate reader (Thermo Labsystems, Finland) at λex = 485 nm and λem = 518 nm. All experiments were repeated in triplicate. Cytotoxic activity was expressed as the percent of cell viability.
Hemolytic Activity
Blood was taken from CD-1 mice (18-20 g). The mice were anesthetized with diethyl ether, their chests were rapidly opened, and blood was collected in cold (4°C) 10 mM PBS, pH 7.4 without anticoagulant. Erythrocytes were washed 3 times in PBS using at least 10 vol. of washing solution by centrifugation (2 000 rpm) for 5 minutes. Erythrocytes were used at a concentration that provided an optical density of 1.0 at 700 nm for a nonhemolyzed sample. Twenty microliters of a water solution of test substance with a fixed concentration was added to a well of a 96-well plate containing 180 µL of the erythrocyte suspension. Erythrocyte suspension was incubated with substances for 24 hours at 37°C. After that, the optical density of the obtained solutions was measured and ED 50 for hemolytic activity of each compound was calculated.
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